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(71) We, BOLT ASSOCIATES, INC., 
a corporation organized and existing under the 
laws of the State of Connecticut, United 
States of America, of 205 Wilson Avenue, 
5 Norwalk, Connecticut 06854, United States of 
America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 

10 by the following statement: — 

The present invention relates to confined- 
liquid seismic exploration methods and appa- 
ratus, and particularly to exploration methods 
and apparatus utilizing powerful sound im- 

15 pulses which are generated by the abrupt 
release of confined gases into a confined liquid 
which in turn is coupled to the earth in vibra- 
tion transmitting relationship. 

This invention is an improvement over the 

20 methods and apparatus disclosed in our Patent 
No. 1,175,853, to which attention is invited 
as background information. 

Such seismic exploration methods and 
apparatus for surveying the earth employ very 

25 powerful seismic impulses which are trans- 
mitted into the earth at a desired site. These 
impulses can be repeated at frequent inter- 
vals as may be desired, and their intensity is 
high. The resulting reflected and refracted 

30 vibrational impulses in the earth are sensed 
by suitable sensing devices which are known 
in the art, and in this way information is 
obtained about the conditions and character- 
istics of the geologic formations in the region 

35 being surveyed. 

According to the present invention, there 
is provided a method of transmitting powerful 
seismic vibrations into the earth for seismic 
surveying and exploration in which a sub- 

40 stantially incompressible mass of liquid is posi- 
tioned, above a displaceable diaphragm in 
vibration-transmitting relationship with the 
earth, the method including the steps of plac- 
ing the liquid in a chamber defined by a 

45 tank having a rigid wall at the sides and over 
the top of the chamber, with the liquid sub- 
stantially filling the chamber to the top so 
that the volume of liquid is confined around 
[Price 2Sp] 



the sides and the top; abruptly releasing pres- 
surized gas into the liquid in said chamber to 50 
transmit powerful seismic vibrations down 
through the displaceable diaphragm into the 
earth; after the pressurised gas has been 
abruptly released into the liquid in said cham- 
ber, permitting the released gas and some 55 
of the liquid to escape from the chamber 
through a path presenting substantial liquid 
flow resistance; separating the released gas 
from the escaped liquid in a location outside 
of the chamber; venting the released gas to 60 
atmosphere; returning the escaped liquid to 
the chamber; and repeating the steps of 
abruptly releasing the pressurised gas, per- 
mitting the released gas and some of the 
liquid to escape from the chamber through 65 
the path presenting substantial liquid flow re- 
sistance, separating the released gas from the 
escaped liquid, venting the released gas, and 
returning the escaped liquid, to transmit fur- 
ther powerful seismic vibrations into the earth. 70 

From another aspect, the invention consists 
in seismic wave generator apparatus capable 
of transmitting powerful seismic vibrations 
into the earth for seismic surveying and ex- 
ploration in accordance with the method de- 75 
fined, of the type in which at least one 
acoustical repeater, in operation of the appa- 
ratus, abruptly releases pressurised gas into a 
substantially incompressible liquid retained in 
a tank with a displaceable diaphragm extend- 80 
ing across the bottom of the tank, wherein 
the tank has a rigid wall at the sides and 
extending over the top defining a chamber 
which, in operation, rigidly confines the liquid 
around the sides and over the top, means being 85 
provided, operable to maintain said chamber 
substantially rilled with liquid to form a sub- 
stantially confined liquid volume within the 
chamber above the displaceable diaphragm. 

In the illustrated embodiment a compact 90 
apparatus is provided which is convenient 
for mobile applications, and is readily trans- 
portable to a desired site, and yet which is 
capable of transmitting intense acoustical 
vibrational impulses into the earth for seismic 95 
surveying at the site without requiring any 
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special preparation of the earth at the site. 
The amount of seismic energy transmitted 
into the earth by these impulses from the 
relatively compact apparatus is enormous and 

5 in the illustrated embodiment, the reaction 
forces are permitted to cause the tank to 
jump upwardly. The tank is prevented from 
falling freely back to earth so that spurious 
"bounce" impulses are avoided. Where 

10 highly sensitive techniques are used for sensing 
the resulting earth vibrations, it is an advan- 
tage to prevent the tank from falling back 
freely onto the earth because spurious vibra- 
tions or signals are avoided which might other- 

15 wise be caused by sloshing of the confined 
liquid volume or mass. The tank is lowered 
onto the earth a short while later after the 
agitation of the liquid mass has quieted. 
Since spurious bounce or sloshing signals 

20 are avoided, powerful, accurately-repeatable 
seismic vibrational impulses are transmitted 
into the earth which are valuable for analysis 
and correlation to improve the ultimate effec- 
tive signal-to-noise ratio obtained when analy- 

25 sing and correlating the resultant earth 
tremors sensed at a distance. 

Among the further advantages of the 
methods and apparatus embodying the present 
invention are that they enable seismic survey- 

30 ing and exploration to be carried out con- 
veniently and effectively at many different 
types of geographic sites, having a vast range 
of surface conditions, for example, at sites 
involving hard ground or soft ground or 

35 marshy or swampy ground or submerged 
ground. Thus, a survey crew can carry on 
efficient and effective seismic surveying and 
exploration regardless of the surface condi- 
tions which are encountered during their sur- 

40 vey operations. In the prior art there are de- 
vices which are capable of being used at 
sites on dry land but which are not capable 
of doing effective work at sites on soft ground 
or in marshy or swampy ground or in sub- 

45 merged areas. 

This invention enables all such sites to be 
surveyed by the same crew using the same 
equipment. Thus, the term " earth " as em- 
ployed throughout the ensuing specification 

50 and appended claims is to be construed as 
encompassing such sites. 

In order that the present invention may 
be more readily understood, reference will 
now be made to the accompanying drawings, 

55 in which: 

Figure 1 is a side elevational view of a 
mobile seismic survey system incorporating 
seismic wave generator apparatus embodying 
the invention, with the apparatus located in its 

60 carrying position on a vehicle for transport- 
ation to a site to be surveyed. 

Figure 2 is a top plan view of a rear portion 
of the vehicle and apparatus of the mobile 
system of Figure 1; 



Figure 3 is a side elevational view, corre- 65 
spending to Figure 1, of the seismic survey- 
ing system showing the seismic wave gener- 
ator apparatus in the earth contacting position, 
as well as shown in dashed outline in the alter- 
native raised position to avoid spurious 70 
"bounce" impulses or sloshing signals; 

Figure 4 is an enlarged partial sectional 
view of the shock absorber assembly used 
with the mobile survey system of Figures 1 
to 3 taken along the line 4 — 4 in Figure 3; 75 

Figure 5 is a sectional view of the pivot 
arm support assembly used to raise and lower 
the seismic wave generating apparatus, taken 
along the line 5 — 5 in Figure 3; 

Figure 6 is an enlarged sectional view of 80 
the mounting of the seismic wave generating 
apparatus to the pivot arm support assembly, 
taken along the line 6 — 6 in Figure 1; 

Figure 7 is an enlarged plan view of a 
portion of the seismic wave generator appa- 85 
ratus, being a view taken along the line 
7—7 in Figure 3; 

Figure 8 is an enlarged side elevational 
sectional view of the seismic wave generator 
apparatus, taken along the line 8 — 8 in 90 
Figure 7; 

Figure 9 is a plan view, partly in section, 
of the gas-and-liquid separation baffle assembly 
employed with the seismic wave generator 
apparatus, taken along the line 9 — 9 of Figure 95 
8; 

Figure 10 is a schematic diagram of the 
hydraulic and actuating mechanism employed 
to position the seismic wave generator appa- 
ratus on the transportation vehicle or on the 100 
ground for seismic surveying, or for tempor- 
arily holding the generator apparatus in 
raised position during operation; and 

Figure 11 is a side elevational view partly 
in section, showing a preferred construction 105 
of the diaphragm. 

With reference to Figures 1, 2 and 3, a 
mobile seismic survey system is shown in- 
cluding seismic wave generator apparatus 10. 
In Figure 1, the seismic wave generator appa- 110 
ratus 10 is shown positioned on the bed of 
a vehicle 12 for transportation to a desired 
area to be seismically surveyed, and in Figure 
3 the apparatus 10 is shown operatively em- 
ployed over a location beside the vehicle 12. 115 
The seismic wave generator apparatus 10 in- 
cludes a closed dome-shaped tank 14 having 
an upright axis of symmetry 16. The tank 14 
contains a substantially non-compressible 
liquid 18 (please see Figure 8), such as water, 120 
in confined relationship. Mounted within the 
liquid near the bottom of the tank are 
acoustical repeaters 20, similar to those abrupt 
impulse release repeaters shown in our Patent 
No. 1,175,853, referred to above, and also 125 
shown in our Patent No. 1,090,363, and which 
are now sometimes called air guns or air gun 
repeaters. Each of these air gun repeaters has 
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a release chamber volume of, for example, 
a size between 40 cubic inches and 200 cubic 
inches in this embodiment. 

The purpose of the air gun repeaters 20 

5 is to repetitively release a large quantity of 
high pressure gas abruptly into the liquid 
18 to generate powerful impulses which are 
transmitted as powerful seismic waves into 
the earth. The gas may be air or other gas, 

10 or mixture of gases, gaseous products of com- 
bustion, or vapour, and the term "gas" as 
employed throughout the ensuing specification 
and appended claims is to be construed as 
encompassing such alternatives. 

15 The seismic wave producing apparatus 10 
is attached to the vehicle 12 by means of a 
pivotally supported arm structure 22 com- 
posed of a cantilever mounted boom 24 firmly 
affixed at an angle A to a pair of parallel 

20 spaced channel arms 26 which are pivotally 
mounted at pivot axis 28 to a support struc- 
ture 30 on the vehicle 12. As more clearly 
seen in the Figure 2, the channel arms 26 
are connected to one another at their respec- 

25 tive ends, i.e., by means of a cross beam 
34 welded to the channel arms 26 at their 
one end and by means of a shock absorber 
assembly 36 at their other end. The canti- 
lever boom 24 is made of steel in the shape 

30 of a box beam and it is sized to extend aft 
of the vehicle 12 sufficiently far for support- 
ing the seismic wave generator apparatus 10 
for placement on the ground behind the 
vehicle, as is illustrated in Figure 3. The boom 

35 24 is affixed to the center of the cross beam 
34. 

The raising and lowering of the pivotally 
supported arm structure 22 is accomplished 
by lift means including a hydraulically actu- 

40 ated control shaft 38 connected to a pivot 
axis 39 which is secured to the boom 24. 
The lifting position of the shaft 38 is con- 
trolled by a piston 40 directly connected to 
an end of the shaft 38 and operatively located 

45 within a hydraulic cylinder 42. The cylinder 
42 in turn is connected to a pivot axis 44 
mounted on a strong bracket 46 on the vehicle 
support structure 30. The pivot axes 28, 39 
and 44 are parallel to one another. 

50 The hydraulic pressure for the control of 
the position of the piston 40 in the cylinder 
42 is obtained from a hydraulic pump 48 
(Fig. 1) driven by an engine 50 located on 
the vehicle 12. Hydraulic lines, to the cylinder 

55 42, a hydraulic fluid reservoir as well as a 
hydraulic control mechanism, are provided on 
the vehicle 12 as shown in Figure 10 and will 
be further explained in conjunction with 
Figure 10. In operation the hydraulic system 

60 cooperates with the seismic wave generator 
apparatus 10 to " catch " or restrain the 
latter at an intermediate raised position after 
air gun actuation, as indicated by the dashed 
outline of the apparatus shown in Figure 3, 



in a manner as v/ill be explained further 65 
below. 

The pivot connection of the piston shaft 
38 to the box beam boom 24 is provided as 
shown in Figure 5. The shaft 38 terminates 
with a strong steel sleeve bearing 60 oriented 70 
to rotate about a cross shaft 39 held by nuts 
64,64' within aligned apertures in opposite 
walls of the boom 24. Hence, as the cylinder 
42 and the piston 40 are actuated to lower 
or raise the seismic wave generator apparatus 75 
10, the arms 26 pivot about the axis 28, 
while the cylinder 42 and piston rod 38 both 
pivot about the axes 39 and 44. 

The seismic wave generator apparatus 10 
may be slidably moved along the boom 24 80 
by means of a chain 52 (Figs. 1, 3 and 4) 
located above the boom 24. The chain 52 is 
affixed to the apparatus 10 at 54 and extends 
along the beam 24 with a sprocket 56 at 
the far end and a motor 58 at the near end. 85 
The motor 58 is controlled from within the 
cab 57 of the vehicle 12. 

Figure 6 illustrates the coupling of the 
seismic wave generator apparatus 10 to the 
box beam 24. A rectangular channel section 90 
or sleeve is formed between opposing clamps 
66 — 66'. The channel section is sized to 
snugly, but slidably enclose the box beam 24 
when the clamps 66 — 66' are connected with 
suitable bolts 68 and 69 located both above 95 
and below the beam 24. The exterior of the 
boom 24 may be greased to facilitate sliding. 
The upper bolt 68 further functions to attach 
the seismic wave generator to the chain 52 
with a clamp 54 and nut 70 to provide move- 100 
ment along beam 24. The lower bolt 69 fur- 
ther functions to pivotally support the seismic 
wave generator 10 about an axis which is 
parallel with the other pivot axes 28, 39 and 
44 to assure proper ground-conforming 105 
mounting of the bottom of the tank 14 dur- 
ing seismic surveying and during transport 
of the tank 14 in the horizontal position on 
the vehicle 12. 

As seen in the Figures 1, 3 and 8 below 110 
the bolt 69 is a heavy steel bracket assembly 
72 which connects to a cylindrical baffle 
assembly 74 secured to the top of the tank 
14 and surrounded at the upper end with 
cylindrically shaped weight mass 76. 115 

With further reference to Figure 8, addi- 
tional aspects of the seismic wave generator 
apparatus 10 are illustrated. The tank 14 as 
described is dome-shaped with circular sym- 
metry, i.e. it has an oblate hemispherical 120 
configuration. The tank has a high strength, 
rigid wall made of steel or aluminum, while 
the bottom is closed by a diaphragm 78 
formed of a flexible ground-conforming mat- 
erial. The diaphragm 78 is flexible so that it 125 
may transmit a seismic impulse into the earth 
resulting from operation of the air gun re- 
peaters 20. In the illustrative example the 
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diaphragm 78 is formed from a strong, flexible 
and stretchable resilient material, for example 
of material such as rubber, or preferably 
polyurethane plastic, capable of supporting 

5 the liquid mass within the tank and yet cap- 
able of conforming to the earth. 

This flexible diaphragm extends across the 
bottom of the tank like a slack drumhead and 
is rested down upon the ground at the geo^- 

10 graphical location at which the intense seismic 
sound impulses are intended to be transmit- 
ted into the earth. The perimeter of this 
diaphragm 78 is clamped between a clamp 
ring 80 and an annular flange 84 on the 

15 bottom of the tank 12 by means of a plurality 
of bolts 82. 

The tank 14 is shown substantially full 
of liquid 18 so that the three air gun re- 
peaters 20 — 20' (only two of them are seen 

20 in Figure 8) are submerged. To increase the 
power or intensity of the seismic waves trans- 
mitted into the earth, the air gun repeaters 
20 — 20' are suspended as low in the tank 
14 as possible so as to position their gas re- 

25 lease ports 86 as near the diaphragm 78 as 
possible while leaving sufficient clearance be- 
tween air gun repeaters and diaphragm 78 
to prevent contact between them and the 
diaphragm. Contact between an air gun re- 

30 peater 20 and the diaphragm 78 can cause 
the air gun repeater to puncture or tear the 
diaphragm 78. The weight 76 serves to in- 
crease the intensity or strength of the seismic 
impulse transmitted into the earth. 

35 As indicated above, the air gun repeater 
20 is capable of suddenly releasing a large 
quantity of confined, highly compressed gas. 
When this gas is abruptly released into the 
liquid 18 surrounding each air gun repeater 

40 in the tank, a powerful impulse is generated 
in the liquid, and a large proportion of this 
impulse is transmitted through the diaphragm 
78 into the earth. These impulses are ex- 
tremely powerful and contain powerful low 

45 frequency components which have deep earth 
penetration capability. The high strength of 
the domed tank wall is desired in view of 
these huge impulses, especially when as illus- 
trated several air gun repeaters 20 — 20' are 

50 employed in the tank 14. As illustrated in 
Figure 7, three air gun repeaters 20, 20' and 
20" are mounted about the tank axis 16 
with equiangular spacing between them and 
they are arranged to be simultaneously actu- 

55 ated during surveying or to be individually 
activated during initial individual testing. 

The rigid mounting of the air gun repeater 
20 in the tank 14 is illustrated in Figure 8. 
A solenoid valve 88 is connected with a suit- 

60 able electric line 91 to a firing control mech- 
anism located in the cab 57 of the vehicle 
12. The solenoid valve 88 controls the air 
gun repeater 20 which is supplied with highly 
pressurized gas, such as compressed air at 

65 2,000 pounds per square inch through an 



air line 89 from a multi-stage, high pressure 
compressor 93 (Figs. 1 and 3) located on the 
vehicle 12. The air gun repeater is mounted 
from the upper portion of the domed tank 
14. The mounting arrangement for the air gun 70 
repeater 20 (as well as that for the others) 
includes a horizontal mounting plate 90 con- 
nected by suitable bolts 92 to a horizontal 
annular flange 94 located on a cylindrical 
insert 95 welded in a circular opening 97 75 
in the tank wall. The air gun repeater 20 
is connected to the plate 90 with a clamp 
ring 96 and bolts 98. It is noted that the 
solenoid valve 88 and the air hose 89 attach 
to top portions of the air gun repeater so 80 
as to face on the outside of the tank, even 
though the operative body portion and ports 
86 of the air gun repeater are submerged in 
the water confined within the tank. Accord- 
ingly, "O" ring seals or the like may be 85 
employed to provide liquid tight sealing. 

The domed tank 14 is completely filled 
with water 18 to form a confined liquid con- 
taining chamber. Water is supplied through 
a hose 100 connected to a tubular elbow 90 
coupling 102 communicating through a water 
inlet port 104 with the inside of the tank. 
A check valve 106 is employed directly cppo^ 
site the water inlet port 104 and mounted 
in such manner that the abrupt release of 95 
high pressure gas within the tank operates 
to close the check valve, which thus prevents 
escape of water through the port 104 and 
protects the coupling 102 and maintains 
liquid confinement during air gun repeater 100 
actuation for enhanced acoustic impulse gener- 
ation. 

The upper portion of the confined chamber 
defined by the tank 14 communicates with 
the baffle assembly 74 through a suitable com- 105 
municating passage in the form of a longi- 
tudinal, narrow tube 108. The prime function 
of the baffle assembly 74 is to permit the 
escape of air or other gas after abrupt dis- 
charge by the air gun repeaters, while sepa- 110 
rating the liquid from the gas so as to return 
the liquid through the port 104. The tube 
108 is of relatively small cross section to 
present a substantial liquid flow resistance 
path to maintain effective confinement of the 115 
liquid within the tank. 

The output from the tube 108 terminates 
at the periphery of a first baffle chamber 110 
closed by a generally horizontally flat first 
baffle plate 112 provided with a central 120 
tubular opening 114. The output end 109 of 
the conduit 108 is bent over into a horizontal 
tangential relationship with the periphery of 
the chamber 110. Thus, the liquid swirls and 
centrifugal force causes it to tend to hug the 125 
cylindrical wall 74 while the gas separates 
and escapes up the central opening 114. This 
latter tubular opening 114 communicates with 
the center of a second baffle chamber 116 of 
substantially smaller size than the first cham- 130 
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ber 110. The second chamber 116 in turn 
communicates with the perimeter of a some- 
what slightly larger third baffle chamber 118 
through a series of hooded openings 120 in 

5 a second baffle plate 122. These latter open- 
ings are formed by right angle elbow pipes 
124 which cause the liquid to swirl again 
in the third chamber 118. Thus, the liquid 
tends to remain near the periphery of the 

10 chamber 118 while the gas escapes up through 
a central tubular port 119. 

As shown in the adjacent view of Figure 
9, the tangential discharge nozzles formed 
by the elbow pipes 124 are uniformly angu- 

15 larly distributed about the axis 16. Several 
of these baffle plates and liquid-swirl centri- 
fugal separator baffle chambers, as well as 
tangential discharge nozzles are stacked over 
one another with a top baffle chamber 126 

20 provided with a gas escape port 128 in a 
top end plate 129. The tortuous path and 
multiple centrifugal separator baffle chambers 
from the tank chamber 18 to the atmospheric 
escape port 128 effectively trap any liquid 

25 in the baffle chambers for eventual return 
through peripheral drainage passages 131 to= 
the first baffle chamber 110 where at the 
bottom it may flow through the conduit 102 
for return to the tank through the port 104 

30 and check valve 106. 

Around the baffle assembly 74 is placed 
a cylindrical weight assembly formed of large 
and heavy annular rings 130 to impart a large 
mass to the entire seismic wave gaierator 

35 apparatus 10. The rings 130 are held to- 
gether with bolts 132 arranged about the axis 
16., and the entire weight assembly is seated 
upon an annular flange 134 welded to the 
external wall 136 of the baffle assembly. Since 

40 the cylindrical wall 136 of the baffle assembly 
bears the massive weight 76 and impulse 
action from the air gun repeaters, it is formed 
of a very heavy gauge metal. The top of the 
baffle assembly is provided with a welded-on 

45 end plate 129 of substantial massive construc- 
tion. This end plate 129 in turn is connected 
to the pivot mounting provided with pivot 
bolt 69 and a heavy gauge support or bracket 
assembly 72. 

50 In order to strengthen the domed wall 
of the tank 14 a plurality of thick, heavy 
strong gusset plates 133 are provided. These 
gusset plates have arcuate lower surfaces con- 
forming to the shape of the exterior surface 

55 of the domed wall of the tank 14 and are 
welded to this wall and to the lower weight 
ring 130 and to the wall 136 of the baffle 
assembly 74. In this preferred embodiment 
six of these heavy gusset plates are provided, 

60 and they extend outwardly and downwardly 
a major proportion of the distance from the 
baffle assembly wall 136 toward the annular 
rim or flange 84. 

The impulses released by the air gun re- 



peater are very large. As a result, the entire 65 
seismic wave generator apparatus 10, although 
heavily weighted with die weight 76, reacts 
with a sudden upward jump. If permitted to 
fall back to earth, the impact of die generator 
apparatus 10 upon the ground would pro- 70 
duce a secondary seismic wave which would 
render the surveying of the site more difficult. 
Consequently, as the seismic wave generator 
apparatus jumps up, the support structure 22 
catches it and prevents it from falling. This 75 
catching action imposes high loads on the sup- 
port structure 22. Moreover, the coupling of 
impulses from the liquid 18 within the domed 
tank 14 through the support structure 22 to 
the vehicle could impose large mechanical 80 
shocks upon the vehicle as well as operating 
equipment located in the cab 57 or on the 
bed of the truck. The suppport structure 22 
is, therefore, attached to the vehicle at axis 
28 through the large shock absorber assembly 85 
36. (Shown in detail in Figure 4). 

As shown in Figure 4, the ends of the 
channel shaped arms 26 of the support struc- 
ture 22 are suitably arranged to support a 
heavy solid shaft 140 coaxially with the pivot 90 
axis 28. The shaft 140 is captured between 
the arms 26 by a pair of covers 142 with 
minimum axial and radial play. The shaft 
140, covers 142, and arms 26 are firmly 
affixed to each other with bolts 146 and with 95 
a stiffener plate 147 welded to each arm 26. 
Hence, a pivot action of the arms 26 about 
the pivot axis 28 (see Figure 1) causes a 
like pivoting of the entire shaft 140. 

The shaft 140 is supported by the vehicle 100 
support structure 30 through a plurality of 
shock absorber assemblies as 148 in the form 
of sleeves and annular resilient shock absorb- 
ing elements such as rubber rings mounted 
coaxially with the shaft 140 and axially 105 
stacked adjacent each other. Each assembly 
148 is formed of an inner sleever 150 mounted 
coaxially about a bearing sleeve 141 on the 
shaft 140, the sleeve 150 having an outer 
annular recess 152 sized to retain an annular HO 
resilient shock absorbing element 153. The 
annular shock absorbing element 153 fits 
within an annular radially inwardly facing 
recess 154 formed in an outer sleeve 156. 
The bearing sleeve 141 is of a bearing mat- H5 
erial such as bronze. 

Each of the outer sleeves 156 fit in a cylin- 
drical mounting 158, the axial ends of which 
are firmly affixed to bracket plates 160 welded 
to the vehicle support structure 30. The cylin- 120 
drical mounting 158 is mounted to the brackets 
160 with bolts 162 distributed around the end 
of the cylindrical mount. Large spacer washers 
164 are employed to prevent axial play be- 
tween the arms 26 and die bracket plates 160. 125 
It is noted that there are clearances such as 
at 166 adjacent the rubber rings 153. This 
clearance 166 provides the space for shock 
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absorbing action of the assembly during opera- 
tion of the seismic wave generator apparatus 
10. 

It is noted that the support column 30 

5 is in the form of a large rigid cylindrical 
column. The ends of this column are covered 
thus forming a large tank, which can con- 
veniently be used to store diesel fuel, water, 
or compressed air. Also, if desired, the gas 

10 escape port 128 (Figure 8) can be connected 
by a hose to the interior of the support 
column 30 which may contain additional 
baffle separation chambers, such as those 
shown in Figures 8 and 9 within the baffle 

15 assembly 74. In such an arrangement the 
separated liquid is returned through a hose 
100 to the conduit 102. The conduit 102 
may be made of transparent plastic material 
so that it can also serve as a liquid level 

20 gauge. 

The lower end of the column 30 is secured 
to a pair of strong cross beams 171 and 172 
which are fastened to a pair of longitudinal 
beams 173 (Fig. 2) and 174 (Fig. 1). These 

25 beams 171, 172, 173 and 174 form a base 
frame which can be conveniently mounted 
on the bed of a truck or other vehicle. 

Figure 10 illustrates the hydraulic cylin- 
der 42 containing piston 40 connected by 

30 the shaft 38 to the support assembly 22. 
The piston 40 divides the cylinder 42 into two 
chambers 200 and 202. Chamber 200 com- 
municates through a conduit 204 to a hydrau- 
lic fluid supply reservoir 206 located on 

35 the vehicle 12. The reservoir 206 supplies 
hydraulic fluid through a conduit 208 and 
a filter 210 to a hydraulic pump 48 driven 
by drive means 49 on an engine 50. The 
pump 48 provides pressurized hydraulic fluid 

40 to a pressure line 209 which is selectively 
connected through a manually controlled valve 
212 and a line 214 to the second chamber 
202 of the cylinder 42. The control valve 
212 has an outlet port 216 to return pumped 

45 hydraulic fluid to the reservoir through line 
218. This valve 212 is controlled with a 
hand lever 220. A counter clockwise position- 
ing of lever 220 into the position labelled, 
"Lower for seismic operation", effectively 

50 diverts pressurized fluid away from the con- 
duit 214, the fluid being pumped through the 
port 216 and through return line 218 back 
into the reservoir 206. 

Thus, with the lever 220 in the "Lower 

55 for seismic operation" position, the seismic 
wave generator apparatus 10 is lowered onto 
the earth by allowing the hydraulic fluid in 
the second cylinder chamber 202 to flow 
through the line 214, through a rate-of-descent 

60 manual control valve 228 and through a 
solenoid valve 226 and through an intercon- 
nection line 224 and through line 204 into 
the first chamber 201. By increasing the fluid 
flow through the hand valve 228, the wave 

65 generator apparatus 10 is allowed to descend 



more rapidly onto the earth, and vice versa. 

When the lever arm 200 is placed in the 
position as indicated by full lines in Figure 
10, i.e. the "Raise" position, the pump 48 
provides fluid through the conduit 214 to 70 
the second chamber 202 in the cylinder 42, 
thus driving the piston 40 towards the left 
in the drawing and raising the seismic wave 
generator apparatus 10. 

A bypass valve 222 is provided to shunt 75 
fluid flow to the return line 218 when pressure 
in the chamber 202 builds up too high. 

As explained above, the conduit 224 pro- 
vides communication between the first and 
second chambers 200 and 202 through the 
solenoid controlled valve 226 and flow rate 
control valve 228. The solenoid valve 226 is 
controlled through an electrical circuit in- 
cluding a switch 227 ganged to the lever 220 
as indicated by the dashed line 229. With 
the lever 220 in the " Raise " position as 
shown by full lines, the switch 227 is opened 
thereby de-energizing the solenoid valve 226, 
thereby maintaining the latter closed to pre- 
vent fluid flow through conduit 224. When 
the lever is moved to the counter clockwise 
"Lower" position, corresponding to the 
seismic survey operating position, the switch 
227 is closed to energize the solenoid valve 
226 and permit the passage of hydraulic 
fluid, as described above, from the second 
chamber 202 into the first chamber 200 for 
lowering the apparatus 10 at a rate as con- 
trolled by the valve 228, 

The controlled raising and lowering opera- 
tion of the hydraulic lifting system is as 
follows: Assume that the lever 220 for con- 
trol valve 212 is oriented in the " Raise " 
position, as shown^ thereby supplying pres- 
surized fluid to the second chamber 202 of 
the cylinder 42, driving the piston 40 to- 
ward the left and thus raising the boom 24 
and seismic wave generator apparatus 10. 
When the lever 220 for control valve 212 is 
placed in its alternate " Lower " position, 
hydraulic fluid from the pump 48 is returned 
to the reservoir 206, through conduit 218, 
while the piston 40 is permitted to move 
slowly to the right under gravity action from 
the weight of the seismic wave generator appa- 
ratus 10. A slow return of the piston 40 
toward the right of the cylinder forces 
hydraulic fluid from the second chamber 202 
through conduit 214, through flow valve 228 
and solenoid valve 226, and conduits 224 and 
204 into the other chamber 200. As the 
piston moves toward the right, fluid is drawn 
through line 242 and check valve 244 to 
compensate for change in displacement as the 
shaft 38 moves out of the cylinder 42. When 
the seismic wave generator apparatus 10 has 
settled onto the ground, the piston 40 is 
located near the rear end of the cylinder 
42 as shown in Fig. 3. 

As previously mentioned, the actuation of 
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the air gun repeaters 20, 20' and 20" produces 
an upward jump of the seismic wave gener- 
ator apparatus 10. This upward jump drives 
piston 40 towards the forward (left) end of the 
5 cylinder 42. This movement occurs quickly 
and is permitted with the opening of a check 
valve 230 located in the piston 40. The 
check valve 230 permits hydraulic fluid to> 
freely communicate through passages 232 be- 

10 tween the chambers 200 and 202 as the 
generator apparatus 10 and boom 24 jump 
upwardly. The check valve 230 is formed 
of a generally annular ring plate 233 axially 
movable along guide pins 236 parallel with 

15 the shaft 38. When the hydraulic pressure 
is greater in the rear chamber 202 than in 
the front chamber 200, the movable ring 233 
seals the passages 232. 

A sudden upward jump of the seismic wave 

20 generator apparatus 10 to an elevated posi- 
tion is followed by closure of the check valve 
230. Any downward motion thereafter is only 
possible by the restricted flow of hydraulic 
fluid through the flow control valve 228. This 

25 flow is reduced to a level whereby the seismic 
wave generator apparatus is gently lowered 
to the ground. Hence, after the air gun re- 
peater operation, the seismic wave generator 
apparatus is effectively "caught" up off of 

30 the ground G, followed by a gentle lowering 
to the ground for subsequent air gun repeater 
actuation. During the gentle restrained des- 
cent of the seismic wave generator apparatus 
10 air is permitted to escape through the 

35 baffle assembly 76. 

As indicated in the dotted outline at 10' 
in Figure 3, the impulse generator apparatus 
10 can be lowered down to a position below 
the level of the bottom of the rear wheels of 

40 the vehicle 12, if desired because of a lower 
ground elevation G'. 

With reference to Figure 3, the method 
of operation of the system commences with 
the placement of the seismic wave generator 

45 apparatus 10 upon the ground G after rubble 
such as rocks and other protrusions are re- 
moved from below the diaphragm 78 to avoid 
its rupture and to provide improved vibration 
transmission coupling into the earth. The 

50 chamber defined by the tank 14 (Fig. 8) is 
filled with water 18 to the level shown in 
Figure 8, i.e., with no air pockets remain- 
ing to form a fully confined substantially non- 
compresisble mass of liquid in which the air 

55 gun repeaters 20, 20' and 20" are com- 
pletely submerged. The three air gun repeaters 
are simultaneously actuated, thereby abruptly 
releasing into the water 18 in the chamber 
a large quantity of high pressure gas which 

60 creates powerful acoustical waves within the 
water. Since the liquid is incompressible the 
impulses travel in all directions therein and 
are coupled through the diaphragm 78 into 
the earth below. 

65 After transmission of the powerful seismic 



waves into the earth, there is an upward 
jump of the seismic wave generator apparatus 
10, as permitted by the check valve 230 (see 
Figure 10). A check valve 238 having a 
passage 240 allows fluid to return into the 70 
reservoir 206 to compensate for change in 
displacement as the shaft 38 moves into the 
cylinder 42 when the seismic wave generator 
apparatus 10 jumps. The upward motion is 
slowed both by the weight 76 and by the 75 
fluid flow restrictions presented by the pas- 
sages 232 in the piston 40 (see Fig. 10). 
The upward motion will terminate at some 
intermediate position where the generator 
apparatus 10 is effectively caught by the 80 
closure of the check valve 230 (see Fig. 10) 
and restrained from falling back with a bounce 
upon the ground. 

The subsequent gradual lowering of the 
seismic wave generator apparatus 10, as de- 85 
scribed previously, advantageously provides 
an opportunity for gases released by the air 
gun repeaters to vent through the baffle 
assembly 74 and allows the agitated liquid 
to subside so that upon settlement of the 90 
seismic wave generator apparatus 10 onto the 
ground, another seismic wave may be soon 
generated at the same ground location. The 
cycle may be repeated fifty or more times 
at the same location, if desired. 95 

In this way, by repeating the transmission 
of similar seismic impulses into the earth at 
the same location a large number of reflected 
and refracted vibrational waves can be sensed 
and recorded by multiple geophones located 100 
at various distances. Accordingly, a large 
effective signal-to-noise ratio is provided, 
enabling an effective, and deep penetration 
survey to be made. 

Advantageously, the system can be used on 105 
hard ground, soft ground, marshy or swampy 
ground or submerged ground, i.e. under 
several feet of water, as these conditions are 
encountetred during a survey. In experimenta- 
tion with this system, it has been observed 110 
that the harder the ground, the higher the 
wave generator apparatus 10 tends to jump. 

In a presently preferred embodiment the 
seismic wave generator apparatus 10 has a 
"footprint" area of engagement with the 115 
ground which is 80 inches in diameter. The 
domed wall of the tank 14 is steel at least 
1.0 inch thick, and the six gusset plates 133 
are 1.5 inches thick. The combined weight 
of the domed or bell-like tank 14 and the 120 
massive weight 76 is 10,000 pounds, and the 
weight of the water 18 in the chamber defined 
by the tank is an additional 1,500 pounds. 
The force of the impulse transferred into the 
ground by the apparatus 10 is so great that 125 
in spite of the total weight of 11,500 pounds 
this apparatus 10 will jump about three feet 
into the air when operated on hard ground. 

Figure 11 on reduced scale shows a pre- 
sently preferred diaphragm structure including 130 
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a flexible, stretchable diaphragm 78 of poly- 
urethane having a diameter of about 80 
inches with an annular reinforcement skirt 
78A which is 18 inches wide and extends 

5 around beneath and adjacent to the diaphragm 
78. The perimeter of the annular skirt 78 A 
is clamped against the diaphragm by the ring 
80, flange 84 and by bolts 82. This annular 
reinforcement skirt 78 A serves to prevent the 

10 diaphragm 78 from unduly bulging out- 
wardly beneath the clamp ring 80. A pre- 
sently preferred thickness of the polyurethane 
diaphragm 78, when the flange 84 is 80 
inches in diameter, is in the range from T \ 

15 to i inch in thickness, and the thickness of 
the polyurethane skirt 78A is in the range 
from \ to f- inch in thickness, the skirt usually 
being slightly thicker than the diaphragm. 
The diaphragm 78 and the annular skirt 

20 78A form the subject of copending appli- 
cation No. 34064/73 (Serial No, 1,349,135). 
WHAT WE CLAIM IS: — 

1. A method of transmitting powerful 
seismic vibrations into the earth for seismic 

25 surveying and exploration in which a sub- 
stantially incompressible mass of liquid is 
positioned above a displaceable diaphragm 
in vibration-transmitting relationship with the 
earth, the method including the steps of: 

30 placing the liquid in a chamber denned by 
a tank having a rigid wall at the sides and 
over the top of the chamber, with the liquid 
substantially filling the chamber to the top so 
that the volume of liquid is confined around 

35 the sides and the top; abruptly releasing 
pressurized gas into the liquid in said chamber 
to transmit powerful seismic vibrations down 
through the displaceable diaphragm into the 
earth; after the pressurised gas has been 

40 abruptly released into the liquid in said 
chamber, permitting the released gas and 
some of the liquid to escape from the chamber 
through a path presenting substantial liquid 
flow resistance; separating the released gas 

45 from the escaped liquid in a location outside 
of the chamber; venting the released gas to 
atmosphere; returning the escaped liquid to 
the chamber; and repeating the steps of 
abruptly releasing the pressurized gas, per- 

50 mitting the released gas and some of the 
liquid to escape from the chamber through 
the path presenting substantial liquid flow re- 
sistance, separating the released gas from the 
escaped liquid, venting the released gas, and 

55 returning the escaped liquid, to transmit fur- 
ther powerful seismic vibrations into the 
earth. 

2. The method claimed in claim 1, in 
which the pressurized gas is abruptly released 

60 into the liquid in said chamber simultaneously 
from a plurality of discharge ports communi- 
cating with the liquid at widely spaced loca- 
tions in the liquid. 

3. The method claimed in claim 1 or 2, 
65 in which the pressurized gas is abruptly re- 



leased into the liquid in said chamber simul- 
taneously from a plurality of discharge ports 
communicating with the liquid equidistant 
from the displaceable diaphragm. 

4. The method claimed in claim 1, 2 or 70 
3, including the further steps of: permitting 

the tank containing the liquid to jump up off 
of the earth in reaction to the powerful 
impulse produced by the abrupt release of 
the pressurized gas; restraining the tank from 75 
immediately returning to the earth, and 
lowering the tank slowly to put the diaphragm 
back down into vibrational transmitting re- 
lationship with the earth while avoiding 
bouncing of the tank. 80 

5. The method claimed in any preceding 
claim, including the step of applying a mas- 
sive weight on the tank for increasing the 
intensity of the seismic vibrations transmitted 
into the earth. 85 

6. The method claimed in any preceding 
claim, in which tne escaped liquid in' said 
location outside of the chamber is subjected 
to centrifugal swirling action to rapidly sepa- 
rate the escaped liquid from the released 90 
gas. 

7. The method claimed in claim 6, in which 
the gas and the escaped liquid are transmitted 
through a tortuous path for venting the gas 
while the separated liquid returns along mul- 95 
tiple paths to be returned to the chamber. 

8. The method claimed in any preceding 
claim, in which said path presenting substan- 
tial liquid flow resistance is continuously open. 

9. The methods of transmitting powerful 100 
seismic vibrations into the earth for seismic 
surveying and exploration, substantially as 
hereinbefore described with reference tot the 
accompanying drawings. 

10. Seismic wave generator apparatus 105 
capable of transmitting powerful seismic vibra- 
tions into the earth for seismic surveying 

and exploration in accordance with the method 
claimed in any preceding claim, of the type 
in which at least one acoustical repeater, in 110 
operation of the apparatus, abruptly releases 
pressurized gas into a substantially incom- 
pressible liquid retained in a tank with a 
displaceable diaphragm extending across the 
bottom of the tank, wherein the tank has a 115 
rigid wall at the sides and extending over 
the top defining a chamber which, in opera- 
tion, rigidly confines the liquid around the 
sides and over the top', means being provided, 
operable to maintain said chamber substantia 120 
ally filled with liquid to form a substantially 
confined liquid volume within the chamber 
above the displaceable diaphragm. 

11. Apparatus as claimed in claim 10, in 
which said tank is dome-shaped. 125 

12. Apparatus as claimed in claim 11, in 
which the or each acoustical repeater has a 
body containing at least one discharge port, 
the body extending down into the chamber 
within the dome-shaped tank and, in opera- 130 
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tion, into the liquid confined in the chamber, 
the repeater having a control accessible from 
outside of the confined liquid. 

13. Apparatus as claimed in any of claims 
5 10 to 12, including a plurality of acoustical 

repeaters, the repeaters having bodies contain- 
ing discharge ports which, in operation, com- 
municate with the volume of liquid confined 
in the chamber at widely spaced locations in 
10 the volume of liquid. 

14. Apparatus as claimed in claim 13, 
wherein the acoustical repeaters are positioned 
such that their discharge ports are equi- 
distant from the diaphragm. 

15 15. Apparatus as claimed in claim 13 or 
14, wherein the tank is symmetrical about 
an axis of symmetry, and the accoustical re- 
peaters are positioned at locations equiangu- 
larly spaced about the axis of symmetry. 

20 16. Apparatus as claimed in any of claims 
10 to 15, in which a massive weight is applied 
to the tank in symmetrical relationship- to the 
tank. 

17. Apparatus as claimed in any of claims 
25 10 to 16, in which said means for maintain- 
ing said chamber substantially filled with 
liquid includes a check valve arranged in such 
a manner that abrupt release of pressurized 
gas within the confined volume of liquid in 

30 the chamber closes said check valve to pre- 
vent escape of liquid and to maintain liquid 
confinement. 

18. Apparatus as claimed in claim 11, or 
any of claims 12 to 17 in combination with 

35 claim 11, in which the gas-liquid separation 
means are positioned within a cylindrical 
housing which is mounted on top of said 
dome-shaped tank. 

19. Apparatus as claimed in claim 18, in 
40 combination with claim 16, wherein the mas- 
sive weight is positioned about said gas- 
liquid separation means on top of said dome- 
shaped tank. 

20. Apparatus as claimed in any of claims 
45 11, 12, 18 or 19, wherein a plurality of tank- 
strengthening members are provided, each 
having an arcuate surface conforming to the 
dome shape of the dome-shaped tank. 

21. Apparatus as claimed in any of claims 
50 10 to 19, wherein the diaphragm extending 

across the bottom of the tank is flexible and 
extensible. 

22. Apparatus as claimed in claim 21, 
wherein the diaphragm is formed of poly- 

55 urethane material. 

23. Apparatus as claimed in claim 21 or 
22, in which said diaphragm has a thickness 
in the range from x \ inch to i inch. 

24. Apparatus as claimed in claim 21, 22, 
60 or 23, including an annular skirt extending 

around adjacent to the perimeter of said dia- 
phragm, said annular skirt being of flexible 
stretchable material and being on the side 
of said diaphragm intended to be directed 
65 toward the earth. 



25. Apparatus as claimed in claim 24, 
wherein said annular skirt is formed of poly- 
urethane material. 

26. Apparatus as claimed in claim 24 or 

25, wherein said annular skirt has a thick- 70 
ness in the range from i inch to f inch. 

27. Apparatus as claimed in any of claims 
10 to 26, wherein a vehicle is provided for 
moving the apparatus, supporting means for 
said apparatus being located on the vehicle, 75 
the supporting means permitting an upward 
jump of the seismic wave generator apparatus 

off of the ground following acoustical re- 
peater actuation, and including means for 
controllably lowering the seismic wave gener- 80 
ator apparatus onto the ground. 

28. Apparatus as claimed in claim 27, 
wherein said supporting means includes a 
hydraulic-fluid-containing cylinder and a pis- 
ton positioned within the cylinder, said cyh'n- 85 
der and piston being relatively movable to 
raise and lower the seismic wave generator 
apparatus, check valve means being provided, 
operative to provide free hydraulic fluid flow 
between opposite sides of the piston in re- 90 
sponse to upward jump of the seismic wave 
generator apparatus to permit rapid upward 
travel thereof, said check valve means further 
being operative to restrict said hydraulic flow 

in response to downward motion of the seismic 95 
wave generator apparatus, and flow control 
means for controlling the flow of hydraulic 
fluid with respect to said cylinder and piston 
to controllably lower the seismic wave gener- 
ator apparatus down upon the earth. 100 

29. Apparatus as claimed in claim 27 or 
28, wherein said supporting means include 
extending boom means extending beyond the 
vehicle, movable mounting means movable 
along the length of said boom means and 105 
moving means for moving mounting means 
outward and toward the extending end of 
said boom means so that said seismic wave 
generator apparatus can be lowered to the 
ground for seismic surveying, said moving 110 
means being adapted for moving said mount- 
ing means inward for placing said seismic 
wave generator apparatus on the vehicle for 
travelling between sites. 

30. Apparatus as claimed in claim 27, 28, 115 
or 29, wherein said supporting means is con- 
nected at a pivot axis to the vehicle for 
raising and lowering the seismic wave gener- 
ator apparatus, and said apparatus further 
comprising a shock absorber assembly associ- 120 
ated with said pivot axis, including a plurality 

of resilient shock-absorbing element. 

31. Apparatus as claimed in claim 30, 
wherein each of said resilient shock-absorbing 
elements is ring shaped and surrounds a pivot 125 
shaft, said ring shaped elements being posi- 
tioned at axially spaced locations along the 
shaft. 

32. Seismic wave generator apparatus con- 
structed substantially as hereinbefore de- 130 
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